(PT 2.5-yrs ). Thinning (PT 0.5-yr and PT 2.5-yrs ) significantly increased understory density 25 (+104.9% and +142.4%), aboveground biomass (+191.1% and +239.2%),
(PT 2.5-yrs ). Thinning (PT 0.5-yr and PT 2.5-yrs ) significantly increased understory density
25
(+104.9% and +142.4%), aboveground biomass (+191.1% and +239.2%),
26
Shannon-Wiener index and Pielou index, and decreased the Simpson index (p<0.05).
27
Species richness significantly increased at PT 0.5-yr , and decreased at PT 2.5-yrs (p<0.05).
28
Photosynthetic characteristics of three dominant species (Woodwardia japonica,
29
Dryopteris championii and Dicranopteris dichotoma) new-leaf and old-leaf showed uncertainty in thinning effects, as these differences are important in forest structure 65 and function (Yan et al. 2013) . Therefore, it is necessary to consider the response of 66 understory communities after various post-thinning times under the same climate 67 conditions.
68
Thinning has the potential to impact leaf traits (such as nitrogen content, leaf 69 mass per area, chlorophyll content, and leaf gas exchange) through alterations of N and P content than Woodwardia japonica (Linn. f.) Sm) across a whole ecological 78 restoration chronosequence in subtropical China (Wu et al. 2013; Chen et al. 2016) .
79
In addition, leaf physiological and morphological adaptations to the environments 80 may different between foliar development stages (Catoni et al. 2012) . into the effects of thinning on understory communities and forest productivity.
90
Pinus massoniana, a native evergreen conifer, is commonly used as a pioneer 91 species for degraded ecosystem restoration (Wang et al. 2015 
195 Li-Cor, Inc., USA) equipped with a LED Source Leaf Chamber and a CO 2 injector.
229
The airflow was 500 umol s were then decreased in sequence to 1500, 1200, 1000, 900, 800, 700, 600, 500, 400, were digitized with an A3 flatbed scanner to obtain leaf surface area. properties at PT 0.5-yr were significantly lower than at PT 2.5-yrs (Table 1) . This may (Table A2) .
277
Thinning significantly led to an increase of understory density and aboveground 278 biomass (PT 0.5-yr : +104.9% and +191.1%; PT 2.5-yrs : +142.4% and +239.2%) in July (Table A1 , Fig. 1 D r a f t -N in the 0-10 cm layer, canopy LAI, direct solar radiation transmittance (T dir ), diffuse solar radiation transmittance (T dif ) and total solar radiation transmittance (T tot )); the relationships of the leaf gas exchange (net photosynthetic rate (A), dark respiration rate (Rd), light saturation point (LSP), light compensation point (LCP), apparent quantum efficiency (AQE), maximum net photosynthetic rate (Amax)) with the environmental conditions; and the relationships of the leaf gas exchange with the leaf morphological attributes and chlorophyll content (width (W), length (L), surface area (SA), specific leaf area (SLA), chlorophyll a concentration (Chl a ), chlorophyll b concentration (Chl b ) and chlorophyll total concentration (Chl tot )) for all the treatments in July 2015. No correlations were found between the all-leaf (n=45) (or same-type-leaf, n=18 or 27) leaf gas exchange of the three plant species with the environmental conditions for all the treatments. dichotoma (C, F) in July 2015. The data are means ± SE (n = 3). Different lowercase letters represent significant differences among thinning treatments for the same leaf type. Different capitals letters represent significant differences among leaf types for the same thinning treatment. championii (B, E), and D. dichotoma (C, F) in July 2015. The data are means ± SE (n = 3). Different lowercase letters represent significant differences among thinning treatments for the same leaf type. Different capitals letters represent significant differences among leaf types for the same thinning treatment. D r a f t 
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